Pultruded glass fibre reinforced plastics (or GRP) rod is being increasingly used in the area of cable design, used for strength members in optical fibre cables. The possibility of failure by the process of stress corrosion has resulted in the need to determine the reliability of the dielectric cables when in service. The viability of life predictions being made from the study of stress corrosion fracture surfaces is investigated. The production of static fatigue data for composite materials is needed to enable any accurate predictions to be made.
INTRODUCTION
A greater demand for iniprovenient in the speed and efficiency of the telecommunication systems around the world, has resulted in the replacement of the existing copper signal-carrier systems with optical fibres [I] . In countries where there is a large number of electrical storms, non-conducting communication cables are seen as desirable. This is one of the reasons why the development of non-conducting (or dielectric) cables has been encouraged. Dielectric cables are also desirable in high voltage areas, e.g. along railway lines or when the cable is in close proximity to the power transmission lines [2] [3] . For the optical fibres to perform as effectively as possible for the duration of their life there is a need for the cable to contain a strengthening component. Even small amounts of damage can significantly impair the performance of optical fibres [4] . The cable strength member provides the properties necessary for adequate protection of the optical fibres and to provide the cable with the mechanical properties essential for ease of installation and the continuation of optimunl perfomiance when in service.
GRP as a cable strength member
The material most commonly used for the cable strength member is steel, in solid or braided forms. For dielectric cables an alternative material is necessary. Glass fibre reinforced plastics is on of the alternative materials that can be used 14]15] [6] . In order to provide the necessary mechanical properties, the GRP contains a high volume fraction of reinforcing fibres, in the region of 70 9%. The high strengths required from the cable strength member are attained by using GRP with continuous, unidirectional glass fibres which run the length of the cable. The GRP rod used for the strength meniber is manufactured by the pultrusion process.
Stress Corrosio~~ of GRP
The use of GRP in an application where the major stress acting on the material is a constant, unvarying tensile stress is unusual. Cables generally have a specified lifetime of 25 years although lifetimes as high as 40 years can be specified 151. In order to guarantee that the cable will survive for this length of time the reliability of the GRP as a cable strength member recl~~ires investigation. It is well documented that glass suffers from the problems of failure by stress corrosion [7J18]19) [10] : failure by slow crack growth caused by the application of stress i n the presence of an aggessive environment. Investigations into the effects of stress combined with the presence of an aggressive environment on GRP have also found that GRP suffers [14] . This particular application can be compared with that of the cable strength member because the GRP guy ropes were also sustaining continuous tensile loads for long periods of time. Failures were observed in the guy ropes after only a few years of service at loads that were a fraction of the predicted breaking loads. The fracture surfaces were found to be uncharacteristically smooth and planar. Short term GRP failures tend to have a fibrous or brush-like appearance. The smooth fracture surface was thought to be the product of a tensile stress in the presence of an aggressive environment: a stress corrosion failure.
FRACTOGRAPHY AND LIFE PREDICTION
The fracture surface of a failed glass fibres shows three characteristic regions: 1 the mirror zone, a smooth planar surface with a mirror-like finish; 2 the mist region, an area where small radial ridges can be seen; 3 the hackle, a region showing larger radial ridges [15J [16] [17] . The fracture surface is evident in specimens tested in air and those that have undergone stress corrosion. It has been suggested that these surface markings, the mirror zone in particular, may be of use in finding the time to failure of the glass fibre [18] . This may ultimately lead to prediction of the lifetime of the GRP strength member.
Mirror Zone Measurement
The origin of the possibility for life prediction lies in an empirical relationship that was first put forward by Terao [19] . This relationship relates the mirror zone radius, M, to the fracture stress, or* as follows: for E-glass fibres through the examination and measurement of the mirror zones of fractured fibres.
Crack Propagation
Continuing the investigation into the possibility of life prediction leads towards the study of crack propagation in glass fibre reinforced plastics. The crack velocity, v has been shown to vary with KI, the stress intensity, by a simple power I:tw :is follows [131 [12] :
where A and n are material constants (n is also refered to as the stress corrosion factor). In order to determine the values of the material constants plots of log v versus log KJ can be constructed. In the case of obtaining life prediction data f o~m actual componerits, such as the strength member, it is difficult to obtain values for the crack velocity and the stress intensity. This is where the importance of fractography is realised. However, for life predictions to be made from fractographical analysis of a composite then it is necessary to find a method of deteniiining both the stress intensity at the crack tip and the crack velocity by fractographical means.
Fractographical Determillation of KI
Price and Hull [12] stated that the crack growth rate was dependent on the applied stress and the environment. If the dependence of the crack growth on the stress intensity at the crack tip was known then the lifetime of a GRP component exposed to a particular environment could be predicted. A knowledge of the stress field at the crack tip would therefore be advantageous. Sih et al 1211 found the principal stresses around the crack tip. A siniplified equation for oy car1 be used to show the stress perpendicular to the fracture plane in a stress corrosion failure 11 81:
In this relationship r, the distance from the crack tip must be give a finite value as oy tends to infinity as r tends to zero. The stress perpendicular to the fracture plane can be compared to the fracture stress, of*, obtained from measurement of the mirror zone on the fracture surface of a failed fibre, as follows [18 it is possible to obtain the crack tip stress through fractographical analysis of failed fibres.
Fractographical Determination of v
To determine the crack velocity from the measurements taken from a fibre fracture surface, relevant static fatigue data is needed [18] . The static fatigue data relates the stress applied to a fibre to its lifetime in a given environment. Metcalfe and Schmitz [9] 1101 have done a large amount of work on the static fatigue of glass fibres including E-glass, the most commonly used reinforcing fibre. First of all the term static fatigue should be explained. Static fatigue is associated with brittle materials and particularly with glass. It is where the application of a constant, and often small, load to a material causes a gradual reduction in the material strength over a period of time [9] 110]. This reduction in strength can be accelerated by the presence of an aggressive environment such as a mineral acid. Metcalfe and Schmitz undertook extensive testing of E-glass fibres including static fatigue testing (91. Curves of applied stressltensile reference versus log (time to failure) were plotted. The fibre fracture stress, a?, calculated from the M, measurements together with a reference breaking stress obtained from tensile failure of a specimen tested in air could be used to obtain the time to failure of a fibre tested in HCI. The velocity could then be calculated assuming that the time taken for a crack to propagate through the fibre and the surrounding resin is the same as that for the bare fibre [IS].
Life prediction
Once the values for the stress intensity and the crack veiocity have been found plots of log v versus KI can be constructed. It has been suggested that the time to failure for the composite can be determined by the integration of the K,V diagram. Before this can be achieved it is necessary to obtain accurate measurements of the velocity and the stress intensity.
EXPERIMENTAL TECHNIQUES
Pultruded GRP rod was subjected to dead-weight loading in the presence of 1 M HCl. The specimen was tested in a four-point bend configuration and was subjected to a load of approximately 20 N. The GRP rod was 10 mm in diameter with a slot, 2.8 x 3.8 nim in size, running the length of the rod. The specimen was tested with the slot on the upper most srrrf:ice of the rod. A notch was also introduced to the specimen which was of significant size, arresting approximately 2 rnm from the bottom of the slot. The specimen remained under load until failure of the specimen occurred. Failure was defined as the point when the specimen could no longer sustain a load. The fracture surface of the failed specimen was then examined under a scanning electron microscope (SEMI. Particular attention was paid to the size of the observed mirror zones.
RESULTS AND DISCUSSION
Using the equations stated above and measurements ~unde from microgaphs of the specimen fracture surfaces, the fracture stress, the stress intensity and the crack velocity were calculated. The values obtained can be seen in Table 1 . The values for the crack velocity agree well with those calculated by Price [18] for an E-glasslpolyester composite. A:, can be clearly be seen from the table the errors involved in the calculations are significant. Despite the luge errors involved, the results obtained are promising regarding the viability of obtaining information such as the crack velocity from the study of the fracture surface of Table 1 Values obtained from measurements of the mirror zone radii made from the fracture surface of the pultn subjected to dead-weight loading in the presence of I M HCI. failed specimens of GRP. Large errors are to be expected since the values were obtained using data collected from the testing of bare E-glass fibres. The use of the E-glass fibre static fatigue data was based on the assumption that matrix cracking is instantaneous upon failure of the fibre [18] [22] . The matrix is likely to have a much greater effect on the crack propagation than suggested. Others sources of error include the constant of 1.46 M N I~-~/ ' that was assumed in Equation I. This constant was again obtained from the testing of bare E-glass fibres that were 12 pm in diameter. As can be seen from the table above, there is a range of fibre diameters within the composite material. In order to obtain more accurate values requires the determination of a constant that can be related not only to fibres enclosed in a matrix but also including any effects due to the fibre size. The production of static fatigue data for composite materials should also improve the situation so that the effect of the matrix can be taken into account. 
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